It has been hypothesized, based on physiological evidence, that there is a greater proportion of 1-adrenergic receptors on the myocytes of the conduction system when compared with the working myocardium. The purpose of these studies was to examine f3-adrenergic receptor subtype in the conduction system of the dog by using the technique of coverslip autoradiography. Scintillation studies of ['25l]pindolol binding to ventricular sections demonstrated that binding was saturable (dissociation constant of 116 pM), had the correct order of potency for a 13-receptor, and was stereoselective. Both betaxolol (p,-selective) and ICI-118,551 (f2-selective) competition curves fit a two-site model in nonlinear curve-fitting analyses (78% B13-receptors). Autoradiographic studies determined that the myocytes of the sinoatrial node had approximately twice as many autoradiographic grains as the surrounding atrial myocytes. The myocytes of the atrioventricular bundle had a number of grains similar to the number in surrounding septal myocytes. Autoradiographic inhibition curves with betaxolol or ICI-118,551 demonstrated that both the sinoatrial node and the atrioventricular bundle had inhibition profiles similar to the surrounding myocytes (predominantly B13) but unlike the inhibition profiles of arterioles (predominantly j%). Calculations using the dissociation constants derived from the nonlinear curve-fitting analysis and the percent specific binding in the presence of 4 10-7 M betaxolol or ICI-118,551 determined that the proportion of 61-to P2-receptors was the same (70-80%o 131) when comparing the sinoatrial node and the surrounding atrial myocytes. The atrioventricular bundle had a higher percentage of P3-receptors (95%) than the surrounding septal myocytes (79%) with betaxolol, but with ICI-118,551 the difference was not significant. Thus, by using techniques that can precisely quantify adrenergic receptors over myocytes of the conduction system, it was concluded that, whereas the myocytes of the sinoatrial node have approximately twice as many j3-receptors as the surrounding atrial myocytes, the proportion of Pl-to jB2-receptors is the same. (Circulation Research 1992;71:51-57) KEY WoRDS * ,f-adrenergic receptors * subtype * heart * conduction system P hysiological evidence suggests that heart rate is more responsive than contractility to 832-adrenergic receptor agonists.1-3 Thus, it has been hypothesized that there may be a greater proportion of 132-receptors in the conduction system than in the working myocardium. Autoradiographic data in the rat has found a greater percentage of P2-receptors on the sinoatrial (SA) node than on the working myocardium.4 Additional autoradiographic analyses in the guinea pig have suggested that the atrioventricular (AV) node and bundle have a greater percentage of }32-receptors than is found in the surrounding myocardium,5,6 although data in the rat has suggested that the AV node has a similar ratio of 8f-to f32-receptors as the septal myocardium.7
P hysiological evidence suggests that heart rate is more responsive than contractility to 832-adrenergic receptor agonists.1-3 Thus, it has been hypothesized that there may be a greater proportion of 132-receptors in the conduction system than in the working myocardium. Autoradiographic data in the rat has found a greater percentage of P2-receptors on the sinoatrial (SA) node than on the working myocardium.4 Additional autoradiographic analyses in the guinea pig have suggested that the atrioventricular (AV) node and bundle have a greater percentage of }32-receptors than is found in the surrounding myocardium,5,6 although data in the rat has suggested that the AV node has a similar ratio of 8f-to f32-receptors as the septal myocardium.7 3-receptor subtype in two regions of the conduction system in the dog, a species commonly used for cardiovascular studies, and to compare subtype to working myocardium (predominately 81) and arterioles (predominately R2). We used the technique of coverslip autoradiography to precisely quantify grains over conduction system myocytes, thus excluding blood vessels, nerves, and connective tissue elements that are present in the conduction system.
Materials and Methods
Five mongrel dogs were anesthetized with pentobarbital sodium (30 mg/kg), and the hearts were removed. Serial blocks were removed at the junction of the superior vena cava with the right atrial appendage and in the area of the AV bundle. Additional blocks were removed from the anterior wall of the left ventricle adjacent to the interventricular septum. The blocks of tissue were mounted on cork and immediately frozen in freon cooled with liquid nitrogen. [1251] pindolol in the presence of five concentrations (3x10-9 to 2x 10-6 M) of either betaxolol or ICI-1 18,551, 5 ,uM propranolol (nonspecific binding), or without drug (total binding). The sections were incubated as described above and processed for autoradiography according to previously described methods.9-11 Coverslips were dipped in NTB2 emulsion (Kodak), diluted 1:1 with distilled water (43°C), and the coverslips were allowed to dry for 3 hours in the dark. A coverslip was glued (Superglue, Loctite) to one end of each slide that had been incubated in [lI] pindolol, and the coverslips were apposed to the tissue section using a No. 20 binder clip and a plastic spacer to protect the coverslip from breakage. The slides were exposed in boxes with Drierite for 5 days.
After exposure, the binder clip was removed, the coverslip was gently lifted, and an alligator clip was placed between the coverslip and the slide. The slides were then developed in D19 (1:1 with distilled water, Kodak), fixed, stained with hematoxylin and eosin, and mounted with Permount.
The autoradiographic grains were quantified with a Nikon Magiscan according to previously described methods.11 For features that did not fill the video screen, the instrument allowed an outline of the feature feature, as well as the number of grains over that feature. Ten fields were counted from the following tissues: sinoatrial myocytes, atrial myocytes, atrial arterioles, myocytes of the AV bundle, septal myocytes, and septal arterioles. The fields were selected randomly using a low-power objective in which the grains could not be visualized. Because there are few arterioles in the sections, arterioles oriented in any way were used. Only vessels less than 90 ,um in diameter and in which a lumen could be visualized were analyzed.
The SA node and the AV bundle were identified in the serial blocks using a histochemical stain for acetylcholinesterase.12 Serial sections were taken from both these regions, and every fifth section was stained for acetylcholinesterase. The serial sections were consecutively numbered, so that the autoradiographs could be compared with the acetylcholinesterase-labeled sections preceding and following the autoradiograph. This facilitated the positive identification of the SA node and the AV bundle. In addition, the SA node could be identified by smaller myocytes and the presence of the SA nodal artery present in the center of the node. The AV bundle was also identified by its position adjacent to the point where the membranous interventricular septum becomes the muscular septum, before it branches into the right and left bundle branches.
After quantitation, the grains were normalized to a standard area (10-2 mm2), and total and nonspecific grains were calculated. Nonspecific grain densities were subtracted from grain densities obtained from total, betaxolol, and ICI-118,551 slides; the percent inhibition of specific binding with each concentration of /3-selective drug was calculated; and inhibition curves were constructed.
Data collected from one concentration (4 x 10-7 M) of either betaxolol or ICI-118,551 were analyzed using the equation of Neve et a113 as applied by Murphree and Saffitz14 in autoradiographic studies. These analyses are more thoroughly described in the "Results" section.
Statistics
Total and nonspecific grain densities over different regions of either the atrium or the septum were compared using a one-way analysis of variance followed by a Tukey's multiple comparison test. Because the atrial samples and the septal samples were set up at different times, we did not compare grain densities between the atrial and septal sections.
The percent specific binding with either betaxolol or ICI-118,551 was compared among six regions analyzed using a one-way analysis of variance. Since the percent specific binding was independent of the variability in grain density from experiment to experiment, this was a valid analysis. All data are expressed as mean+SEM. The equilibrium dissociation constants are expressed as the geometric mean+SEM.
Results
Validation studies of tissue sections determined that binding was saturable ( Figure 1 ) with an equilibrium dissociation constant of 116 pM (-9.936+0.014 log M, n=3). In addition, binding had the order of potency characteristic of a f3-adrenergic receptor and demonstrated stereoselectivity ( Figure 2 ). The results of computer competition analyses with betaxolol using scintilto be analyzed and then determined the area of the Muntz the myocytes of the interventricular septum and the septal arterioles. Nonspecific binding was low, and there were no significant differences among the three regions in either the atrium or the septum in nonspecific binding. Although there was not enough tissue in either the left or the right bundle branch present for adequate quantification, qualitatively these regions appeared to have a grain density similar to that of the AV bundle and the septal myocytes. Examination of the inhibition curves derived from autoradiographs determined that the myocytes of the SA node and the atrial myocytes had similar profiles for either betaxolol or ICI-118,551, whereas atrial arterioles had a different profile for both drugs ( Figure 6 ). Betaxolol was less potent for arterioles, whereas ICI-118,551 was more potent for arterioles. These profiles are characteristic of a predominance of 8,2-receptors. Similar profiles were observed in the septum, with the myoc---es of the AV bundle and the septal myocytes demonstrating P,i profiles and the septal arterioles exhibiting 132 profiles (Figure 7) .
To pronounced chronotropic than inotropic responses, whereas a 13-selective agonist produced the same degree of inotropic and chronotropic stimulation.' These workers hypothesized that the SA node had a higher ratio of p2-to 1,1-receptors than the working myocardium. Our data suggested that in the dog, although ,3-receptor number on the SA node was twice that of the surrounding atrial myocytes, the ratio of f,B-to ,-2 receptors was the same. A previous autoradiographic study in rats suggested that, in addition to increased ,B-receptor number on the SA node, the percentage of 132-receptors was greater.4 There could be species differences, but an additional explanation for the discrepancy is the fact that, in the study by Saito et al,4 the technique of film autoradiography was used. With this technique it is not possible to exclude large nerves, blood vessels, or connective tissue present in the SA node. The SA node has more connective and nervous tissue than the working myocardium. Both fibroblasts'6 and cardiac nerves5 have predominately ,(2-adrenergic receptors. By using image analysis of coverslip autoradiography, it is possible to exclude connective tissue and large nerves from the grain counting so that myocytes of the SA node can be analyzed separately.
Not only were two 13-receptor blocking agents used, but five concentrations of each blocking agent were used in the autoradiographic studies, thus obtaining competition curves that clearly indicated that the inhibition profiles of the myocytes of the SA node were similar to those of the atrial myocytes and not the atrial arterioles.
Calculations of the percentage of 1,-receptors using coefficients derived from nonlinear curve-fitting analyses also supported the conclusion that myocytes of the SA node and the atrial myocytes had similar proportions of 1,1-receptors. In conclusion, these studies demonstrate that, although the /3-receptor number is twice as high on the myocytes of the SA node than on the surrounding atrial myocytes, the ratio of 1,X-to ,82-receptors is the same.
These observations could have implications regarding the role of /8-adrenergic receptor subtypes in cardiac function.
